US008361844B2
12 United States Patent (10) Patent No.: US 8.361.844 B2
Frohberg et al. 45) Date of Patent: Jan. 29, 2013
(54) METHOD FOR ADJUSTING THE HEIGHT OF 5,891,784 A 4/1999 Cheungetal. ................ 438/303
A GATE FILECTRODE IN A 5,953,612 A * 9/1999 Linetal. ......c.coooevininn, 438/299
6,924,518 B2 8/2005 TIinumaetal. ................. 257/284
SEMICONDUCTOR DEVICE 6,979,635 Bl 12/2005 Sultanetal. .................. 438/595
_ _ _ 2001/0011756 Al 82001 YU oo 257/408
(75) Inventors: Kai Frohberg, Niederau (DE); Heike 2005/0026379 Al* 2/2005 Kammler etal. ............. 438/303
Berthold, Hirschield (DE); Katrin 2005/0048732 Al 3/2005 Parketal. .......cccoe.... 438/305
Reiche, Goltzscha (DE); Uwe 2005/0218452 Al* 10/2005 Yamazakietal. .......... 257/347
. ’ 2006/0134916 Al  6/2006 Princeetal. .....cc......... 438/692
Griebenow, Markkieeberg (DE) 2007/0122957 Al 5/2007 Anderson et al. ........... 438/197
_ 2007/0148966 Al1* 6/2007 Baksetal. .................... 438/638
(73) Assignee: GLOBALFOUNDRIES Inc., Grand 2007/0290278 Al  12/2007 Kooketal. .....coocoo....... 257/410
Cayman (KY)
FORFEIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this DE 199 09 815 B4 9/2005
patent is extended or adjusted under 35 JP 02162738 6/1990
U.S.C. 154(b) by 0 days. JP 04053234 2/1992
OTHER PUBLICATIONS
(21) Appl. No.: 12/754,359
PCT Search Report and Written Opinion from PCT/US2008/012188
(22) Filed: Apr. 5, 2010 dated Feb. 6, 2009.
Translation of Official Communication from German Patent Office
(65) Prior Publication Data for German Patent Application No. 10 2007 052 167.9 dated May 9,

US 2010/0190309 A1 Jul. 29, 2010 2008,

Mg .
Related U.S. Application Data cited by examiner

(62) Davision of application No. 12/115,627, filed on May Primary Examiner — Jae Lee

6, 2008, now abandoned. (74) Attorney, Agent, or Firm — Willlams, Morgan &
Amerson, P.C.
(30) Foreign Application Priority Data
| (37) ABSTRACT
Oct. 31, 2007 (DE) oo, 10 2007 052 167
By providing an implantation blocking material on the gate
(51) Int.CL clectrode structures of advanced semiconductor devices dur-
HOIL 21/335 (2006.01) ing high energy implantation processes, the required shield-
(52) U.S.CL oo, 438/142; 438/197 ing etfect with respect to the channel regions of the transistors
(58) Field of Classification Search .................. 438/142,  may be accomplished. In a later manufacturing stage, the
438/197 implantation blocking portion may be removed to reduce the
See application file for complete search history. gate electrode height to a desired level 1n order to enhance the
process conditions during the deposition of an interlayer
(56) References Cited dielectric material, thereby significantly reducing the risk of
creating irregularities, such as voids, 1n the interlayer dielec-
U.S. PATENT DOCUMENTS tric material, even 1n densely packed device regions.
4,966,867 A * 10/1990 Crottietal. ................... 438/701
5,185,279 A 2/1993 Ushiku .......ooevvvieiiiinnnn, 437/41 20 Claims, 11 Drawing Sheets




US 8,361,844 B2

Sheet 1 of 11

Jan. 29, 2013

U.S. Patent

100

-

FIG. 14

(prior art)

100

150A

3_
Ny
—

1D\

S

Yelelete”

755
RS

"F‘_T
X

A
o
o

v
R

107~

F1G. 1b

(prior art)



U.S. Patent Jan. 29,2013 Sheet 2 of 11 US 8,361,844 B2

200

Y

206 206

253A—~ 233N
254A

=TI EEEENEEEENNEEEEEEEEEEEEEEEEEEEEEEEEEENTEEEEE N EEEE RSN ETEE NN EEEEEEE e

202—

01—

FIG. 2a

200

&
AN
<
a

YA

293 253

2 5 4A =NEEEEEEEEEEEEEEETAAN S SSEERE S SN S ENFEEE SN EEE SN NSNS SN EEEEETE TN EEEET TN EEEN

202

2071~

FIG. 2b



Sheet 3 0f 11

Jan. 29, 2013

U.S. Patent

US 8,361,844 B2

200

/

290B

wd | f?”’i bl

29¢

S

A |
\

AN

o
LD
AN

\ :
Sk

ﬂ“

//////

™

251

02—

201~

FIG. 2¢

200

" -
-, n_n__ 3_ -~
L =i | ™ LD | b
O\ N N F

'-n

2OUA

L

<Y

“
..%V////

/////

n,....._

[
>
s

291

202~

207~

FG. 2d



U.S. Patent Jan. 29,2013 Sheet 4 of 11 US 8,361,844 B2

230A 2508 _ /




U.S. Patent

" g ST T L T L T R T

20—

201

204~

TR,
257 ~ERRRRES

202~

207~

257
I
v

Jan. 29, 2013

230A

\

2530 252

Ry
A

é

S

AL L L L[

2P S S P O
K RHHHKRRRALKS

e 99 9 0P P 9q
R KHHRKA LS

Sheet Sof 11

25

205—

FIG. Zh

z-.

Z

S S S
A

.

US 8,361,844 B2

200

F'TTTTT‘!

7

ST TS
\ .,¢*!¢?+‘!¢‘!':!¢!¢!

251
200
AN
250B "
/ \\. RN

XS




U.S. Patent Jan. 29,2013 Sheet 6 of 11 US 8,361,844 B2




U.S. Patent Jan. 29,2013 Sheet 7 of 11 US 8,361,844 B2

200
500 2508 4
207 — AA 257
FIG. 2k
;oo
PN 252 e

256R

, ‘ |
207 254 7 er A SN N

201~

G, 21



U.S. Patent Jan. 29,2013 Sheet 8 of 11 US 8,361,844 B2

300

/
R s

393A—
3 5 4 A =N SEES eSS EEE NN NN NSNS EEEEEE T EEE .

02—

301

G, 3b



U.S. Patent Jan. 29,2013 Sheet 9 of 11 US 8,361,844 B2

550A 3508 300

5 456 4

5
358 T
" atap ’% 3538,
3 N
A

Y o W I -

301~

NN
\\\\\\\“

\\
§\\

&\\\\

FIG. 3¢
350A 1508 200
/ 308 / J
<

358

/
RN £ N

301 —

FIG. 3d



U.S. Patent Jan. 29,2013 Sheet 10 of 11 US 8,361,844 B2

300

wd LLLLELE L

J90A

N

\\\\“fL

S

< I 1
V724

%
!
NN

30/~

304~

301~

300

303

350&. 350B
353R

m»f \ /:{!g/
307 394 353 \
........... N7

307~

\\\\\\



U.S. Patent Jan. 29,2013 Sheet 11 of 11 US 8,361,844 B2

358 356

....._.... / ‘/ S—

301~

\\
\\W

...\\

\\

N

=y

FIG. 39

k\\




US 8,361,344 B2

1

METHOD FOR ADJUSTING THE HEIGHT OF
A GATE ELECTRODE IN A
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO THE RELATED
APPLICATION

This 1s a divisional of application Ser. No. 12/115,627, filed
May 6, 2008 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Generally, the present disclosure relates to the formation of
integrated circuits, and, more particularly, to the formation of
a dielectric interlayer between and over circuit elements
including closely spaced lines, such as gate electrodes, poly-
s1licon 1nterconnect lines and the like.

2. Description of the Related Art

During the fabrication of integrated circuits, a large num-
ber of circuit elements are formed on a given chip area accord-
ing to a specified circuit layout. Generally, a plurality of
process technologies are currently practiced, wherein, for
complex circuitry, such as microprocessors, storage chips and
the like, MOS technology based on silicon is currently the
most promising approach due to the superior characteristics
in view ol operating speed and/or power consumption and/or
cost effectiveness. During the fabrication of complex inte-
grated circuits using MOS technology, millions of transistors,
1.e., N-channel transistors and/or P-channel transistors, are
formed on a substrate including a crystalline semiconductor
layer, such as a silicon-based layer. A MOS transistor, irre-
spective of whether an N-channel transistor or a P-channel
transistor 1s considered, comprises so-called PN junctions
that are formed by an interface of highly doped drain and
source regions with a lightly doped channel region disposed
between the drain region and the source region. The conduc-
tivity of the channel region, 1.e., the drive current capabaility of
the conductive channel, 1s controlled by a gate electrode that
comprises a line-like portion and 1s formed above the channel
region and separated therefrom by a thin insulating layer.

Typically, the circuit elements, such as the MOS transis-
tors, capacitors, resistors and the like, are formed 1n a com-
mon layer, which will be referred to hereinatter as a device
layer, whereas the “wiring,” 1.¢., the electrical connection of
circuit elements according to the circuit design, may be
accomplished only to a certain degree by means of polysili-
con lines and the like within the device layer so that one or
more additional “wiring” layers formed over the device layer
may be required. These wiring layers include metal lines
embedded into an appropriate dielectric material, such as
silicon dioxide, silicon nitride and the like, or, in advanced
devices, low-k materials having a permittivity of 3.0 or less
are used. The metal lines and the surrounding dielectric mate-
rial will be referred to hereinafter as a metallization layer.
Between two stacked adjacent metallization layers and also
between the device layer and the first metallization layer,
respective dielectric interlayers are formed through which
metal-filled openings are formed to establish the electrical
connection between metal lines or between circuit elements
and metal lines. In typical applications, the dielectric inter-
layer separating the device layer from the first metallization
layer 1s essentially formed from silicon dioxide that 1s depos-
ited above a dielectric etch stop layer by well-established
plasma enhanced chemical vapor deposition (PECVD) tech-
niques, which enable the formation of a smooth and dense
silicon dioxide film with sufficient conformality at moder-
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ately high deposition rates. Due to the continuous device
scaling resulting 1n gate lengths of MOS transistors on the
order of 50 nm or less, the distances between neighboring
circuit elements, such as polysilicon lines, gate electrodes and
the like, are also reduced and have now reached, 1n modern
CPUs, approximately 200 nm and less, which translates into
approximately 100 nm or less for the space width between the
densely packed polysilicon lines. It turns out, however, that
the gap-1ill capabilities of well-established high rate PECVD
techniques for the deposition of silicon nitride, which 1s fre-
quently used as material for the etch stop layer, and silicon
dioxide, which 1s often used as interlayer dielectric, may no
longer sutlice to reliably form a dielectric interlayer, as will be
described in more detail with reference to FIGS. 1a-1b.

FIG. 1a schematically 1llustrates a cross-sectional view of
a semiconductor device comprising a plurality of transistor
clements wherein, for convenience, only two transistor ele-
ments 150A, 1508 are shown. The transistors 150A, 150B
may be formed 1n and above a semiconductor layer 102, for
instance a silicon-containing semiconductor material, or any
other appropriate material for forming therein appropnately
shaped dopant profiles as may be required for sophisticated
transistor elements and other circuit features, such as capaci-
tors and the like. The semiconductor layer 102 1s formed
above a substrate 101 which may represent a semiconductor
material, such as a silicon material and the like. The semicon-
ductor layer 102 and the substrate 101 may represent a “bulk”
configuration in which the substrate 101 may be comprised of
substantially the same crystalline material as the semiconduc-
tor layer 102. In other cases, the substrate 101 and the semi-
conductor layer 102 may represent a silicon-on-insulator
(SOI) configuration, wherein at least a portion of the substrate
101 may comprise an insulating material, such as a silicon
dioxide material, on which 1s formed the semiconductor layer
102. Moreover, in the manufacturing stage shown, the tran-
sistors 150 A, 1508 may each comprise a gate electrode struc-
ture 152 comprised of an electrode portion 153, which may be
comprised of a suitable electrode material, such as polysili-
con. Furthermore, the gate electrode structures 152 may com-
prise a gate msulation layer 154 including any appropriate
material composition, such as silicon dioxide, silicon nitride,
high-k dielectric materials 1n sophisticated applications and
the like. Furthermore, a sidewall spacer structure 156 may be
provided on sidewalls of the gate electrode structure 152,
wherein the spacer structure 156 may comprise two or more
individual spacer elements, possibly 1 combination with
respective etch stop materials, as 1s well known 1n the art.
Furthermore, respective drain and source regions 151 are
provided 1n the semiconductor layer 102 with a suitable ver-
tical and lateral profile for obtaining the desired transistor
characteristics.

The semiconductor device 100 as shown 1n FIG. 1a may be
tformed on the basis of well-established conventional process
strategies, which may include the following processes. After
forming appropnate 1solation structures (not shown), which
may define respective active regions in the semiconductor
layer 102 to form therein circuit elements, such as the tran-
sistors 150A, 1508, the gate insulation layer 154 may be
formed, for instance, by oxidation and/or deposition tech-
niques, 1n order to obtain a desired thickness and material
composition. Therealter, a gate electrode matenial, such as
polysilicon, may be deposited, for instance, by low pressure
chemical vapor deposition (LPCVD) techniques, wherein a
thickness of the polysilicon material may be selected 1n accor-
dance with process requirements for the device 100. That is,
in sophisticated applications, a thickness of the polysilicon
material, which may thus determine the finally obtained
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height 152H of the gate electrode structure 152, may be
selected such that, on the one hand, the functionality of the
gate electrode structure 152 may be achieved and, on the other
hand, 1n view of acting as an eflicient implantation mask
during the definition of the drain and source regions 151, a
suificient shuelding effect 1s achieved to suppress the intro-
duction of dopants 1n a channel region 155. Thus, after the
deposition of the electrode material with the required thick-
ness 152H, sophisticated lithography and patterning process
are performed 1n order to define the lateral size of the gate
clectrode structure 152. Thereaftter, a first portion of the drain
and source regions 151 may be formed, for instance, on the
basis of a respective oflset spacer (not shown) by 10n 1implan-
tation, wherein, typically, a shallow dopant profile 1s to be
established while using the gate electrode structure 152, pos-
sibly 1n combination with any offset spacers, as an efficient
implantation mask. Next, the spacer structure 156 may be
formed using well-established deposition and etch tech-
niques to obtain the desired lateral shielding effect of the gate
clectrode structure 152 1n combination with the spacer struc-
ture 156. Thereafter, an implantation process 103 is per-
tormed with appropriately selected process parameters, such
as implantation energy and dose, to position a required dopant
concentration at a desired depth within the semiconductor
layer 102, while the spacer structure 156 defines a lateral
profile of the dopant concentration. Furthermore, during the
implantation process 103, penetration of dopant species mnto
the channel region 155, which 1s substantially positioned
below the gate electrode structure 152, may have to be
avolded since any additional dopant species positioned
therein may significantly alter the finally obtained transistor
characteristics, for istance, in terms of threshold voltage,
control of short channel effects and the like. Thus, the height
152H and the gate electrode structure 152 1s selected such that
the implantation blocking capability of the polysilicon por-
tion 153 1s sullicient to substantially avoid the penetration of
the gate insulation layer 154 and the underlying channel
region 155, After the implantation process 103, an appropri-
ately designed anneal process may be performed in order to
activate the dopants 1n the drain and source regions 151 and
also re-crystallize implantation-induced damage in the semi-
conductor layer 102.

FIG. 15 schematically 1llustrates the semiconductor device
100 1n a further advanced manufacturing stage, in which
metal silicide regions 157 may be formed 1n the drain and
source regions 151 and also 1n the polysilicon electrode por-
tions 153. Additionally, a first portion of an interlayer dielec-
tric material, for mnstance, 1n the form of a silicon nitride layer
104, 1s provided above the first and second transistors 150A,
150B. As previously explained, 1n advanced semiconductor
devices, a spacing 105 between closely spaced circuit ele-
ments, such as the transistors 150A, 150B may be reduced
with the advance to a new technology standard, which may
thus require enhanced gap-filling capabilities of deposition
processes for forming an interlayer dielectric material, such
as the silicon nitride layer 104. Consequently, atter the form-
ing of the metal silicide regions 157, which may be accom-
plished on the basis of well-established techniques, typically
a PECVD process 1s performed to deposit the silicon nitride
material 104, wherein, however, the moderately high aspect
rat1o defined by the distance 105 and the height 152H of the
gate electrode structure 152 may result in 1rregularities, for
instance, 1n the form of voids 104 A, which may be caused by
the non-sufficient conformal deposition capabilities of the
respective PECVD process. The irregularities 104A may thus
result 1n process non-uniformities during the further deposi-
tion of a further interlayer dielectric material, such as a silicon
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dioxide material, and may also result in contact failures, when
forming respective openings for contacts 1n order to connect
the transistors 150A, 150B with a metallization level to be
formed above the transistors 150A, 150B. Since the layer 104
may be used as an etch stop layer and, 1n sophisticated appli-
cations, may also be used as a strain-inducing source as
s1licon nitride may be deposited with high internal compres-
stve and tensile strain, an arbitrary reduction of the layer
thickness of the layer 104 in view of enhancing the conformal
deposition behavior may be less than desirable.

The present disclosure 1s directed to various methods and
devices that may avoid, or at least reduce, the effects of one or
more of the problems 1dentified above.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion 1n order to provide a basic understanding of some aspects
of the invention. This summary 1s not an exhaustive overview
of the mvention. It 1s not intended to 1dentify key or critical
clements of the mvention or to delineate the scope of the
invention. Its sole purpose i1s to present some concepts 1n a
simplified form as a prelude to the more detailed description
that 1s discussed later.

Generally, the subject matter disclosed herein provides a
technique and respective semiconductor devices in which the
deposition of an interlayer dielectric material may be accom-
plished on the basis of less critical aspect ratios, even in
densely packed device areas, by reducing the height of gate
clectrode structures prior to the deposition of the interlayer
dielectric material. On the other hand, the required implanta-
tion blocking capabilities of the gate electrode structures may
be maintained until any high energy implantation processes
have been completed by providing the gate electrode struc-
tures with an appropriate initial height, which may then be
reduced on the basis of appropriate process techniques. Con-
sequently, enhanced process uniformity may be obtained dur-
ing the deposition of an interlayer dielectric material, while
concurrently the required implantation blocking effect during
the definition of deep drain and source regions may still be
maintained.

One 1llustrative method disclosed herein comprises form-
ing a gate electrode structure of a transistor above a semicon-
ductor layer, wherein the gate electrode structure comprises
an electrode portion formed on a gate msulation layer and an
implantation blocking portion formed on the electrode por-
tion. The method further comprises forming drain and source
regions 1n the semiconductor layer by 1on implantation using
the gate electrode structure as an 1mplantation mask to sub-
stantially prevent penetration of 10ons 1nto a channel region of
the transistor through the gate electrode structure. Addition-
ally, the method comprises removing at least the implantation
blocking portion to expose the electrode portion and forming
an 1mterlayer dielectric material adjacent and above the elec-
trode portion.

A further illustrative method disclosed herein comprises
forming a plurality of gate electrode structures above a semi-
conductor layer, wherein each of the plurality of gate elec-
trode structures has an initial height. The method further
comprises forming drain and source regions 1n the semicon-
ductor layer by 1on implantation using the plurality of gate
clectrode structures as an implantation mask, wherein the
initial height 1s selected 1n such a manner that penetration of
ions 1nto the semiconductor layer 1s substantially prevented.
Moreover, the method comprises reducing the initial height of
the plurality of gate electrode structures to obtain a reduced
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height and forming an interlayer dielectric material adjacent
to and above the plurality of gate electrode structures on the

basis of the reduced height.

One 1llustrative semiconductor device disclosed herein
comprises a gate electrode structure formed above a semicon- 3
ductor layer, wherein the gate electrode structure comprises a
gate msulation layer and an electrode portion formed on the
gate msulation layer. The electrode portion has a height cor-
responding to a first amount. Furthermore, the semiconductor
device comprises drain and source regions formed in the 10
semiconductor layer and extending in a depth direction
according to a second amount, wherein the drain and source
regions have a top surface at a height level that 1s substantially
defined by the gate insulation layer, and wherein the first
amount 1s less than the second amount. 15

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
tollowing description taken 1n conjunction with the accom- 20
panying drawings, in which like reference numerals identify
like elements, and 1n which:

FIGS. 1a-1b schematically illustrate cross-sectional views
ol a semiconductor device including densely packed transis-
tor elements formed according to conventional device strat- 25
egies, which may result 1n 1rregularities in an interlayer
dielectric material;

FIGS. 2a-2/ schematically illustrate cross-sectional views
of a semiconductor device during various manufacturing
stages, wherein the height of a gate electrode 1s mitially 30
defined by an implantation blocking portion and an electrode
portion to provide the desired implantation blocking capabili-
ties, with a subsequent reduction of the mitial height, accord-
ing to illustrative embodiments;

FIGS. 2i-2k schematically 1llustrate cross-sectional views 35
of a semiconductor device according to further illustrative
embodiments 1n which the height of gate electrode material
may be selected 1n accordance with the implantation blocking,
capabilities and may be subsequently reduced to provide an
appropriate aspect ratio during the formation of an interlayer 40
dielectric material;

FIG. 2/ schematically illustrates a cross-sectional view of
the semiconductor device as shown in FIG. 2i wherein an
additional etch step may be performed to enhance the con-
trollability of a removal process for reducing the 1nitial elec- 45
trode height, according to still further illustrative embodi-
ments;

FIGS. 3a-3d schematically illustrate cross-sectional views
of a semiconductor device including a gate electrode structure
with an intermediate layer for enhancing the removal process 50
prior to the formation of an interlayer dielectric material,
according to still further illustrative embodiments;

FI1G. 3e schematically illustrates a cross-sectional view of
the semiconductor device including the intermediate layer,
wherein the gate electrode height may be reduced by an etch 55
process, according to a further illustrative embodiment; and

FIGS. 3/-3¢ schematically illustrate cross-sectional views
of the semiconductor device comprising the intermediate
layer in the gate electrode structure, wherein the material
removal for reducing the electrode height may include a pol- 60
1shing process and an etch process, according to yet other
illustrative embodiments.

While the subject matter disclosed herein 1s susceptible to
various modifications and alternative forms, specific embodi-
ments thereol have been shown by way of example 1n the 65
drawings and are herein described in detail. It should be
understood, however, that the description herein of specific
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embodiments 1s not intended to limit the ivention to the
particular forms disclosed, but on the contrary, the intention 1s

to cover all modifications, equivalents, and alternatives fall-
ing within the spirit and scope of the invention as defined by
the appended claims.

DETAILED DESCRIPTION

Various 1illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of an
actual implementation are described 1n this specification. It
will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementation
to another. Moreover, 1t will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present subject matter will now be described with
reference to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure the
present disclosure with details that are well known to those
skilled 1n the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the
present disclosure. The words and phrases used herein should
be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those
skilled 1n the relevant art. No special definition of a term or
phrase, 1.e., a definition that 1s different from the ordinary and
customary meanmng as understood by those skilled 1n the art,
1s intended to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase 1s intended
to have a special meaning, 1.e., a meaning other than that
understood by skilled artisans, such a special definition wall
be expressly set forth in the specification 1 a definitional
manner that directly and unequivocally provides the special
definition for the term or phrase.

Generally, the present disclosure provides techniques and
respective semiconductor devices in which the pronounced
surface topography, in particular in densely packed device
areas ol advanced semiconductor devices, may be reduced
aiter the definition of deep drain and source regions by reduc-
ing the height of gate electrode structures to reduce the prob-
ability for creating irregularities, such as voids, upon depos-
iting an appropriate iterlayer dielectric material. That 1s, a
gate electrode structure may imtially be provided with an
appropriate height to comply with the requirements of high
energy implantation processes, aifter which the electrode
height may be reduced to a level that 1s appropriate for a
highly conformal deposition result of an interlayer dielectric
material, such as an etch stop material, which may frequently
be provided 1n a highly stressed configuration 1n order to
enhance charge carrier mobility 1n channel regions of the
devices. In some 1llustrative aspects disclosed herein, the
initial height of the gate electrode structures may be obtained
by providing an electrode portion having a height or thickness
that corresponds to a final gate height so as to conform with
the gap-filling capabilities during the deposition of the inter-
layer dielectric material, while the implantation blocking
characteristics may be obtained, in combination with the
clectrode portion, by a further portion, also referred to as an
implantation blocking portion, which may be comprised of
any appropriate material that 1s compatible with the further
processing of the gate electrode structures until removal of
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the implantation blocking portion. In other illustrative
embodiments disclosed herein, the gate electrode matenal
may be provided with a suitable mnitial height for efficiently
blocking the penetration of high energetic 1ons and an appro-
priate reduction of the initial height may be performed 1n a
later stage, thereby efliciently reducing the surface topogra-
phy for the subsequent deposition of the interlayer dielectric
material. In still other illustrative embodiments, an interme-
diate material layer may be provided in the gate electrode
structure which may be used as an etch stop or chemical
mechanical polishing (CMP) stop layer during the height
reduction, wherein process uniformity during the patterning,
ol the gate electrode structure may also be enhanced on the
basis of the intermediate layer.

Thus, the principles disclosed herein may be advanta-
geously applied to sophisticated semiconductor devices
including densely packed circuit elements, such as gate elec-
trode structures, wherein the gap-filling capabilities of well-
established deposition techniques, for mnstance with respect
to highly stressed material, may be “extended” due to a reduc-
tion of the effective aspect ratio. Hence, these well-estab-
lished and efficient process techniques may be used for future
device generations while nevertheless preserving a high
degree of compatibility with process techniques for forming
deep drain and source regions. For example, the techniques
disclosed herein are highly advantageous in the context of
semiconductor devices including gate electrode structures
having a gate length of 50 nm and less, since, 1n this case, the
spacing between adjacent conductive lines and gate electrode
structures 1n densely packed device areas may be 100 nm and
less.

FI1G. 2a schematically 1llustrates a cross-sectional view of
a semiconductor device 200 at an early manufacturing stage.
The semiconductor device 200 may comprise a substrate 201,
which may represent an appropriate carrier material for form-
ing thereabove a semiconductor layer 202, such as a silicon
layer, a silicon/germanium layer or any other appropriate
semiconductor material, which may comprise a plurality of
different components. Furthermore, the substrate 201, 1n
combination with the semiconductor layer 202, may repre-
sent a bulk configuration or an SOI configuration, as previ-
ously explained with reference to the device 100, while, 1n
other cases, 1n certain device areas, a bulk configuration may
be provided, while, in other device areas, an SOI-like con-
figuration may be used to individually enhance performance
of the various regions of the device 200. Furthermore, the
semiconductor device 200 may comprise an insulating layer
254 A, which may be used as a gate insulation layer 1n a later
stage, at least in some device areas. Furthermore, a gate
clectrode material 253 A may be provided, such as polysilicon
material, which may be provided mm a pre-doped form,
depending on the device requirements. The gate electrode
material 253A may have a thuickness 233H that, in some
illustrative embodiments, may substantially correspond to a
desired final height of a gate electrode structure still to be
formed. That 1s, the height 253H may represent a height
which, 1n combination with a minimum distance between
closely spaced circuit elements, may define an aspect ratio
that 1s appropriate with respect to the gap-filling capabilities
ol a deposition process for forming an interlayer dielectric
material. For instance, 1n some 1llustrative embodiments, the
semiconductor layer 202 may be formed on a buried insulat-
ing layer (not shown) to provide an SOI-like configuration,
wherein a thickness of the semiconductor layer 202 may be
greater than the height 253H, contrary to conventional strat-
egies, 1n which the implantation blocking capabilities of a
gate electrode structure may require a larger height compared

10

15

20

25

30

35

40

45

50

55

60

65

8

to the thickness of an active silicon layer 1n an SOI device,
when the drain and source regions have to extend down to the
buried insulating layer.

Furthermore, in the manufacturing stage shown, the device
200 may comprise an implantation blocking material 258 A,
which may be provided 1n the form of any appropriate mate-
rial, such as silicon dioxide, silicon nitride, silicon oxynitride
or any other appropriate material composition that may be
compatible with the further processing, for instance, with
respect to high temperature processes and the like. A height
258H of the implantation blocking material 2538A may be
selected on the basis of the respective maximum implantation
energies occurring during the further manufacturing pro-
cesses and also on the basis of the stopping capabilities of the
material 258A. For example, 11 a moderately dense silicon
nitride material may be used for the layer 258A, the overall
height, that 1s, the sum of the heights 258H and 253H may be
less compared to a corresponding 1nitial height that would be
required 1n conventional devices, due to the increased 1on
blocking capabilities of the silicon nitride material. It should
be appreciated that an approprniate thickness for the layer
258 A may be readily determined on the basis of experimental
data and/or simulations by taking into consideration the
required implant energies and implant species. Thus, for a
desired final height 253H, the height 258H may be appropri-
ately selected to avoid undue penetration of the layer 254 A
and the semiconductor material 202 by a dopant species in a
later manufacturing stage.

Furthermore, as shown, the semiconductor device 200 may
comprise an etch mask 206, such as a resist mask having
lateral dimensions appropriate for defining gate electrode
structures on the basis of the layers 258A and 253 A.

The semiconductor device 200 as shown 1n FIG. 2a may be
formed on the basis of the following processes. After forming
respective 1solation structures (not shown), the insulating
layer 254 A may be formed by oxidation and/or deposition
and/or other surface treatments, followed by the deposition of
the electrode material 253 A with the target height 253H.
Next, the material 258 A may be formed by depositing one or
more appropriate materials with the predetermined target
height 258H wherein, as previously discussed, even a reduced
height compared to conventional strategies may be obtained
when the layer 258 A provides increased 1on blocking capa-
bilities compared to the electrode material 253 A, which may
be provided in the form of polysilicon. Thereafter, the etch
mask 206 may be formed on the basis of sophisticated lithog-
raphy techniques and an etch process may be performed to
pattern the layers 258A and 253 A on the basis of the mask
206. In some illustrative embodiments, the respective pattern-
Ing process may comprise a first etch process to transier the
mask pattern ol the mask 206 into the layer 258 A, while using
the material 253 A as an efficient etch stop with a subsequent
turther etch for patterning the material 253 A on the basis of
well-established recipes, wherein the previously patterned
layer 258 A may act as an efficient etch mask. Thus, at least
during the patterning of the layer 253A, a high degree of
compatibility with conventional techniques may be main-
tained, since similar etch recipes may be used, while addi-
tionally the patterned material 258 A may be used as an effi-
cient hard mask, thereby enhancing the overall process
uniformity, since a reduced thickness may have to be etched
during each individual etch step.

FIG. 2b schematically illustrates the semiconductor device
200 after the above-described process sequence. Hence, gate
clectrode structures 252 are provided, each of which includes
an electrode portion 253 and an implantation blocking por-
tion 258, which commonly define an mitial height 2521.
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FIG. 2¢ schematically illustrates the semiconductor device
200 in a further advanced manufacturing stage. As shown,
transistor elements 250A, 2508 may comprise the gate elec-
trode structures 252 including gate insulation layers 254,
wherein a sidewall spacer structure 256 may be provided to
define the lateral oflset of deep drain and source regions 251,
which may be formed during an 1on 1implantation process 203.
During the implantation process 203, the gate electrode struc-
tures 252 may elliciently block incident 1ons so as to substan-
tially avoid the penetration of channel regions 255 by the
dopants used during the implantation process 203, wherein
the mitial height 2521 may be selected to allow the deposition
of dopant material down to a specified thickness 253D. That
1s, 1n some illustrative embodiments, the height 253H may be
selected to conform with requirements of a deposition pro-
cess for interlayer dielectric material, as discussed above,
while the thickness 258H, 1n combination with the type of
material used for the portion 258, may be selected such that a
desired penetration depth 253D may be obtained 1n the elec-
trode portion 253. In other illustrative embodiments, the pen-
etration depth 253D during the implantation process 203 may
be less critical as long as damage of the insulation layer 254
and dopant incorporation in the channel region 255 may be
substantially avoided.

In case that an increased dopant concentration may be
required 1n the electrode portion 253, an additional implan-
tation process with reduced energy may be performed 1n a
later stage atiter the removal of the portion 258, or at least a
portion thereof, when an additional implantation for the elec-
trode portion 253 1s considered appropriate. After the implan-
tation process 203, an anneal process may be performed to
activate the dopants in the drain and source regions 251 and
also re-crystallize implantation-induced damage. In other
illustrative embodiments, the anneal process may be per-
formed at a later stage, 1.e., after removing the implantation
blocking portion 258.

FI1G. 2d schematically 1llustrates the semiconductor device
200 with a planarization material 207, which may be provided
on the basis of any appropriate organic material, such as
polymer materials, resist materials and the like. In this case,
the planarization material 207 may be deposited 1n a highly
non-conformal state, for instance, by spin-coating 1n a low
viscous state followed by an appropnate treatment, such as
heat treatment, radiation treatment and the like, for hardening
the material 207. Consequently, the planarization material
207 may fill, at least up to a substantial portion of the height
of the transistors 250A, 2508, 1.¢., to the mitial height 2521
(FI1G. 2b), any gaps between the densely packed transistors
250A, 250B.

FI1G. 2e schematically 1llustrates the semiconductor device
200 during a material removal process 208, which, 1n one
illustrative embodiment, may comprise a chemical mechani-
cal polishing (CMP) process, in which the planarization
material 207 may provide for integrity of other device areas,
such as the spaces between the transistors 250A, 250B8. Dur-
ing the removal process 208, when performed as a CMP
process, the surface portions are brought into contact with a
slurry and a polishing pad (not shown), wherein process
parameters may be adjusted such that a desired removal rate
may be established. The removal rate may be different for the
different materials exposed to the slurry and the polishing
pad, depending on the process parameters of the CMP pro-
cess, such as the chemical composition of the slurry, the
relative speed of the polishing pad with respect to the sub-
strate, the down force and the like. For example, the slurry and
the process parameters may be selected to obtain a desired
removal rate for the material of the portion 258 and the spacer
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structure 256, which may be comprised of similar materials,
while the effective removal rate of the planarization material
1s less critical. Thus, during the removal process, the sidewall
spacer structures 256 may also be reduced 1n height, thereby
resulting 1n a substantially planar surface topography. The
removal process 208 may be controlled by respective end-
point detection signals, as may typically be available in
sophisticated CMP techniques, since the optical and/or
mechanical response to the polishing activity may change
upon exposing the electrode portions 253. In other illustrative
embodiments, the removal process 208 may comprise an
additional etch process for removing residues of the implan-
tation blocking portion 258 after a significant amount thereof
has been removed by CMP. In other 1llustrative embodiments,
the removal may be accomplished by etching or a combina-
tion of an mtial etching and a subsequent CMP, as will be
described later on 1n more detail.

FIG. 2/ schematically 1llustrates the semiconductor device
200 after the removal process 208 thereby exposing the elec-
trode portions 253 and also obtaining a substantially planar
surface topography. Furthermore, the semiconductor device
200 may be exposed to an etch ambient 209 for removing the
residual planarization material 207, which may be accom-
plished on the basis of well-established plasma assisted etch
processes, without unduly damaging the exposed electrode
portions 2353. In other illustrative embodiments, prior to the
removal of the planarization material 207, a further implan-
tation process may be performed to appropriately position a
dopant species 1n the exposed electrode portions 253 11 a
further enhanced dopant concentration 1s considered appro-
priate 1n the gate electrode structures 252. Performing a cor-
responding implantation process prior to the removal of the
planarization material 207 may resultin a high integrity of the
drain and source regions when an additional dopant concen-
tration may not be desired. In other cases, a respective
implantation process, 1f required, may be performed after the
removal of the material 207, since typically the height of the
clectrode portions 2353, and thus the implantation energy
used, may be less than a maximum extension of the drain and
source regions 251, thereby positioning a respective addi-
tional dopant concentration having a penetration depth cor-
responding to the height of the electrode portions 253 within
the previously defined drain and source regions 251.

FIG. 2g schematically illustrates the semiconductor device
200 1n a further advanced manufacturing stage. As shown,
metal silicide regions 257 may be formed 1n the drain and
source regions 251 and 1n the gate electrode structures 252,
which are now substantially comprised of the electrode por-
tions 253. The metal silicide regions 257 may be formed on
the basis of well-established techmiques after the removal of
the planarization material 207 and respective cleaning pro-
cesses. Furthermore, prior to the formation of the metal sili-
cide regions 257, respective annealing processes may be per-
formed, wherein, as previously discussed, optionally a low
energy 1mplantation process may have been performed. The
semiconductor 200 as shown in FIG. 2¢g may, in some 1llus-
trative embodiments, comprise the gate electrode structures
252 with the final height that substantially corresponds to the
height 253H, except for a respective modification of volume
during the silicidation process. Similarly, the drain and source
regions 251 may extend from a height level that 1s substan-
tially defined by the gate insulation layer 254 into the depth of
the semiconductor layer 202 according to an amount 251D,
which may be greater than the amount of the height 253H.
Thus, an aspect ratio defined by the height 253H and a dis-
tance 205 between the transistors 250A, 2508 may be less
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critical for the subsequent deposition of an interlayer dielec-
tric material, as discussed above.

FI1G. 2/ schematically 1llustrates the semiconductor device
200 m a further advanced manufacturing stage. In the
embodiment shown, the device may comprise an interlayer
dielectric material 210, which may include an etch stop layer
204, for instance comprised of silicon nitride, silicon carbide,
nitrogen-containing silicon carbide and the like. As previ-
ously explained, 1n some cases, the layer 204, which may also
act as an etch stop layer, may exhibit a high internal stress
level 1n order to enhance performance of the transistors 250 A,
250B. Furthermore, the dielectric material 210 may comprise
a dielectric material 209, such as silicon dioxide and the like.
Due to the reduced aspect ratio, the deposition of the layers
204 and 209 may be performed on the basis of less critical
surface conditions, thereby reducing the probability of creat-
ing irregularities, such as the voids 104A (FIG. 1b), and
enabling a high degree of flexibility 1n providing an appro-
priate interlayer dielectric matenal, for instance 1 a highly
stressed state, above respective transistors, such as the tran-
sistors 250A, 2508, even if positioned in densely packed
device areas.

FI1G. 2i schematically illustrates the semiconductor device
200 according to further illustrative embodiments, wherein
the gate electrode structures 252 may comprise the electrode
portion 253 with a height 253H that provides the desired 10n
blocking capabilities during the implantation process 203.
That 1s, the electrode portion 253 may be provided on the
basis of well-established conventional strategies, thereby
providing a high degree of compatibility during the patterning
of the gate electrode structures 252 with respect to conven-
tional techniques.

FI1G. 2/ schematically illustrates the semiconductor device
200 1n a further advanced manufacturing stage, 1n which the
planarization material 207 may be provided and the device
200 may be subjected to the removal process 208, as previ-
ously described. The removal process 208 may be performed
as a time-controlled process, thereby enabling the removal of
a desired portion of the gate electrode portion 253, so as to
approprately reduce the aspect ratio, as previously discussed.

FI1G. 2k schematically illustrates the semiconductor device
200 after the removal process 208 and the removal of the
planarization material 207. The further processing may then
be continued, for instance, by forming the metal silicide
regions 257 and depositing the interlayer dielectric material
210 (see FIG. 2/) on the basis of a reduced aspect ratio.

FI1G. 2/ schematically illustrates the semiconductor device
200 according to other 1llustrative embodiments in a manu-
facturing stage wherein the planarization material 207 may be
provided and may be used as an etch mask during a selective
etch process 211 to selectively remove material from the
spacer structures 256, thereby obtaining a reduced height
256R. The etch process 211 may be performed on the basis of
any appropriate selective etch recipe, such as wet chemical
recipes which are readily available for, for instance, silicon
nitride, which may be etched selectively to a silicon material.
In this way, the reduced height 256R may be adjusted 1n a well
controllable manner so as to adjust a desired final height of the
gate electrode structures 252. That 1s, 1n a subsequent removal
process, such as the process 208, the reduced spacer struc-
tures 256 may act as a CMP stop material to obtain enhanced
process uniformity and thus of the resulting gate electrode
heights across the substrate 201. For this purpose, a highly
selective CMP process may be used wherein the slurry and
the polishing parameters may be approprately selected to
obtain an increased removal rate of the polysilicon material of

10

15

20

25

30

35

40

45

50

55

60

65

12

the gate electrode structures 252, while the spacer material
may have a significantly reduced polishing rate.

With reference to FIGS. 3a-3¢, further 1llustrative embodi-
ments will now be described, 1n which the 1nitial gate elec-
trode structure may have incorporated therein an intermediate
layer which may be used for enhancing controllability of the
removal process as well as the patterning process.

FIG. 3a schematically illustrates a semiconductor device
300 including a substrate 301 having formed thereabove a
semiconductor layer 302. Furthermore, an insulating layer
354 A may be formed on the semiconductor layer 302, fol-
lowed by a gate electrode material 353A. With respect to
these components, the same criteria apply as previously
explained with reference to the semiconductor device 200.
Furthermore, an intermediate material layer 358, which may
have a different material composition compared to the elec-
trode material 353 A, may be provided with an appropnate
thickness, for instance, several nanometers to approximately
10-20 nm, depending on the type of material used. For
example, the mtermediate layer 358 may be comprised of
s1licon nitride, silicon dioxide, silicon oxynitride, silicon car-
bide and the like. Furthermore, an additional implantation
blocking layer 353B may be provided, wherein, 1n one illus-
trative embodiment, the material 353B may substantially cor-
respond to the material 353 A. In this case, a high degree of
process compatibility with conventional techniques may be
obtained since respective patterning processes may “‘see”
substantially the same material as in conventional gate pat-
terning regimes. In other cases, any other appropriate material
may be used for the layer 353B.

The semiconductor device 300 as shown 1n FIG. 3a may be
formed on the basis of well-established techniques, as
described above, wherein the intermediate layer 358 may be
tormed on the basis of oxidation, deposition and the like. For
instance, the LPCVD process for forming the layer 353 A may
be interrupted or the ambient thereof may be changed to form
the layer 358 in situ, and thereatter the further deposition of
clectrode material may be continued to provide the portion
353B. However, other techniques using separate process
chambers may also be applied 1n other cases.

FIG. 35 schematically illustrates the device during a first
etch process 311 that 1s performed on the basis of an etch
mask 306, such as a resist mask and the like, 1n order to etch
through the layer 353B, which may be accomplished on the
basis of well-established techniques when the material 353B
1s provided as a polycrystalline silicon material, as discussed
above. In this case, the intermediate layer 358 may be used as
an ellicient etch stop layer, for instance comprised of silicon
dioxide, thereby obtaining a high degree of controllability of
the process 311. Thereaiter, the etch chemistry may be
changed to efficiently etch through exposed portions of the
intermediate layer 358, for which highly selective etch reci-
pes are available. Thereatter, the etch process 311 may be
continued, for instance, after removal of the mask 306 or
turther using the mask 306, wherein the previously patterned
portions 353B may also act as an efficient etch mask.

FIG. 3¢ schematically illustrates the semiconductor device
300 1n a further advanced manufacturing stage in which tran-
sistors 350 A, 350B may be provided including gate electrode
structures 352 comprised of the portions 353B, the interme-
diate layer 358 and an electrode portion 353, which 1s formed
on a gate insulation layer 354. Furthermore, a spacer structure
356 may be formed on sidewalls of the gate electrode struc-
ture 352 and drain and source regions 351 may be formed in
the semiconductor layer 302. Furthermore, 1 this manufac-
turing stage, a planarization material 307 may be provided to
substantially fill the spaces between the transistors 350A,
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3508, as 1s also described with reference to the semiconduc-
tor device 200. Respective manufacturing processes for form-
ing the transistor 350A, 3508 on the basis of the gate elec-
trode structure 352 may include substantially the same
process techniques as discussed above.

FI1G. 3d schematically 1llustrates the semiconductor device
300 during a removal process 308, which may comprise a
CMP process which may be performed as a selective polish-
ing process, 1n which the intermediate layer 358 may actas an
eificient CMP stop layer. Thus, the height level of the gate
clectrode structure 352 after the removal process 308 may be
substantially determined by the vertical position of the inter-
mediate layer 358, which 1s effectively defined by the depo-
sition sequence as described 1n FI1G. 3a. After the exposure of
the intermediate layer 358, the CMP process may be contin-
ued for a predefined over-polish time, thereby finally expos-
ing the electrode portions 353. Thereaiter, the processing may
be continued by removing the planarization material 307 and
completing the transistor structures as discussed above. Next,
an interlayer dielectric material may be deposited on the basis
ol a reduced aspect ratio.

FI1G. 3e schematically 1llustrates the semiconductor device
300 according to still further illustrative embodiments 1n
which aremoval process 308 A may be performed on the basis
of an etch ambient to remove material of the portion 3538
selectively to the mmtermediate layer 358, which may then act
as an etch stop layer. During the etch process 308 A, material
of the spacer structures 356 may also be removed, depending
on the etch chemistry used. In other cases, the spacer struc-
tures 356 may be selectively etched prior to or after the etch
process 308A, 1f the degree of material removal during the
ctch process 308A may be considered mappropriate. After
removing the implantation blocking portion 353B during the
ctch process 308A, residues of the intermediate layer 358
may be removed on the basis of any appropnate etch recipe
and thereafter the further processing may be continued as
described above.

FIG. 3/ schematically illustrates a semiconductor device
300 according to still a further illustrative embodiment 1n
which the removal process 308 may be performed on the basis
of a CMP process, during which a substantial part of the
portion 353B may be removed on the basis of a time-con-
trolled strategy. Thus, 1n this case, non-selective CMP tech-
niques may eificiently be used.

FI1G. 3¢ schematically 1llustrates the semiconductor device
300 when subjected to a further etch step, in which the residue
353R (FIG. 3/) may be removed 1n a highly controllable
manner on the basis of the mtermediate layer 358. Thus, in
this case, enhanced process uniformity may be achieved
while not requiring sophisticated CMP process techniques.
Thereatiter, the further processing may be continued as
described above and an interlayer dielectric material may be
formed on the basis of a reduced aspect ratio. Also, 1n this
case, the sidewall spacers 356 may be reduced, if required, by
any appropriate etch recipe and the exposed layer 358 may be
removed 1n a highly controlled manner, as described above.

As a result, the principles disclosed herein provide tech-
niques and semiconductor devices 1n which the height of gate
clectrode structures may be reduced after forming the deep
drain and source regions on the basis of 1on implantation
techniques to obtain the desired shielding effect of the gate
clectrode structures, while providing a reduced aspect ratio 1n
densely packed device regions during the formation of an
interlayer dielectric material. Consequently, any desired gate
clectrode height may be used as a final gate electrode height,
which may be less than a maximum vertical extension of the
drain and source regions, thereby significantly relaxing the
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constraints for the deposition processes used for the forma-
tion of the interlayer dielectric material, such as highly
stressed contact etch stop layers and the like. For this purpose,
the gate electrode structures may 1nitially be patterned on the
basis of an appropriately thick electrode material in combi-
nation with an implantation blocking material, which, in
some 1llustrative embodiments, may be comprised of a dif-
ferent material, while 1 other illustrative aspects, the gate
clectrode material may also be used as an efficient implanta-
tion blocking species, possibly in combination with an inter-
mediate layer.
The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For example,
the process steps set forth above may be performed in a
different order. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described 1n the claims below. It 1s therefore evident that
the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the
scope and spirit of the mnvention. Accordingly, the protection
sought herein 1s as set forth 1n the claims below.
What 1s claimed :
1. A method, comprising:
forming a gate electrode structure of a transistor above a
semiconductor layer, said gate electrode structure com-
prising an electrode portion formed on a gate isulation
layer and an implantation blocking portion formed on
said electrode portion, said implantation blocking por-
tion comprising an upper suriace;
forming drain and source regions in said semiconductor
layer by 1on implantation using said gate electrode struc-
ture as an implantation mask to substantially prevent
penetration of 10ns 1nto a channel region of said transis-
{or;

performing a deposition process to form a planarization
material adjacent to said gate electrode structure,
wherein said deposition process 1s performed so that
said planarization material substantially surrounds said
gate electrode structure and wherein an as-deposited
upper surface of said planarization material does not
cover said upper surface of said implantation blocking
portion;

removing at least said implantation blocking portion to

expose said electrode portion; and

alter removing at least said implantation blocking portion,

removing said planarization material and forming an
interlayer dielectric material adjacent to and above said
clectrode portion.

2. The method of claim 1, wherein removing at least said
implantation blocking portion comprises performing a pol-
1shing process.

3. The method of claim 1, further comprising forming a
metal silicide region 1n said electrode portion.

4. The method of claim 1, wherein forming said gate elec-
trode structure comprises forming a gate insulation layer and
an electrode material on said gate insulation layer and form-
ing an implantation blocking material comprising at least one
further material layer on said electrode material, said at least
one further material layer being comprised of a material dii-
fering from said electrode matenal.

5. The method of claim 4, wherein said at least one further
material layer 1s a top layer of said gate electrode structure.

6. The method of claim 4, wherein said at least one further
material layer 1s an intermediate layer followed by one or
more additional layers.
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7. The method of claim 6, wherein said one or more addi-
tional layers are comprised of material substantially corre-
sponding to said electrode maternal.

8. The method of claim 5, wherein forming said gate elec-
trode structure comprises patterning said implantation block-
ing portion by a first etch process and using said patterned
implantation blocking portion as an etch mask during a sec-
ond etch process for patterning said electrode portion.

9. The method of claim 7, wherein forming said gate elec-
trode structure comprises performing a first etch step for
ctching through said implantation blocking portion while
using said intermediate layer as an etch stop layer and per-
forming a second etch step for etching through said electrode
portion.

10. The method of claim 1, wherein removing said implan-
tation blocking portion comprises performing an etch pro-
CEesS.

11. A method, comprising:

forming a plurality of gate electrode structures above a

semiconductor layer, each of said plurality of gate elec-
trode structures having an imtial height and an upper
surface;

forming drain and source regions 1n said semiconductor

layer by 10n implantation using said plurality of gate
clectrode structures as an implantation mask, said mitial
height being selected to substantially prevent penetra-
tion of 10ns 1n said semiconductor layer;

performing a deposition process to form a planarization

material above said semiconductor layer, wherein said
deposition process 1s performed so that said planariza-
tion material substantially fills gaps between each of
said plurality of gate electrode structures and wherein an
as-deposited upper surface of said planarization material
1s positioned below said upper surfaces of said plurality
of gate electrode structures;

reducing said 1nitial height of said plurality of gate elec-

trode structures to obtain a reduced height, wherein
reducing said height comprises performing a removal
process using said planarization material;

after reducing said 1nitial height, removing said planariza-

tion material; and
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after removing said planarization material, forming an
interlayer dielectric material adjacent and above said
plurality of gate electrode structures having said reduced
height.

12. The method of claim 11, wherein performing said
removal process comprises performing a chemical mechani-
cal polishing process.

13. The method of claim 11, wherein performing said
removal process comprises performing an etch process.

14. The method of claim 11, wherein forming said plurality
of gate electrode structures comprises forming an electrode
material on a gate isulation layer and forming at least one
material layer on said electrode material, said electrode mate-
rial and said at least one matenal layer defining said 1nitial
height.

15. The method of claim 14, wherein said at least one
material layer 1s provided as a single material layer.

16. The method of claim 14, wherein forming said at least
one material layer comprises forming an intermediate layer
and forming at least one blocking layer on said intermediate
layer, said intermediate layer and said at least one blocking
layer having different material compositions.

17. The method of claim 1, further comprising performing
a selective etch process to reduce a height of a spacer structure
comprising said gate electrode structure after depositing said
planarization material.

18. The method of claim 17, further comprising using said
spacer structure of reduced height as a stop material during
said removal of said at least said implantation blocking por-
tion.

19. The method of claim 1, wherein performing said depo-
sifion process comprises performing a spin-on deposition
process to form said planarization material as a substantially
non-conformal material layer.

20. The method of claim 19, wherein a height level of an
upper surface of said non-conformal material layer 1s no
greater than a height level of said upper surface of said
implantation blocking portion.
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